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EXECUTIVE SUMMARY 
 
 
 The U.S. Fish and Wildlife Service (USFWS), Office of Subsistence Management, 
funded the Native Village of Eyak (NVE) to undertake a three-year study (2001-2003) to 
develop and assess methods of monitoring salmon escapement in the lower Copper River.  The 
ultimate goal of this project was to develop an annual monitoring program that could provide 
fishery managers with more timely indices of salmon escapement than those currently available 
from the Miles Lake sonar site (river km 52).  A multi- faceted research design was developed to 
(1) significantly shorten the development time of a lower river test fishery; (2) study fish 
migratory behavior; and (3) compare the utility of acoustics and drift gillnets as test fishing tools. 
  
 The majority of acoustic sampling was conducted at Flag Point Channel, located just 
downstream of Bridge 331 on the Copper River Highway.  A total of 563 h of acoustic data were 
collected from 16 May to 10 June 2002.  Different methods of counting fish (directly from 
echograms and tracked with acoustic software) and sampling (full and subsampled hours) from 
the acoustic data were compared.  The tracked net upstream count (i.e., tracking software, full 
hours sampled, net upstream targets) was 25,261 salmon with a peak count of 3,234 salmon on 4 
June.  A second acoustic system was deployed periodically (3-4 h per day on 26 and 29 May, and 
1, 4, and 7 June) at the Mile-37 Channel (Bridge 342) in 2002. 
 
 Drift gillnetting was conducted by the Alaska Department of Fish and Game (ADF&G) 
personnel at Flag Point Channel for a total of 27 days from 15 May to 10 June 2002.  A total of 
418 sockeye (Oncorhynchus nerka) and 34 chinook (O. tshawytscha) salmon were captured 
during 1,174 min of fishing.  Daily test fishing indices (fish per 100 fathom hours) for sockeye 
salmon peaked at 684 on 2 June, and the season cumulative index was 6,159. 
 
 As in 2001, results from 2002 indicated that the acoustic and drift gillnetting sample sites 
at Flag Point Channel were suitable for developing a lower river test fishery.  Both gear types 
detected similar pulses of fish and produced daily indices at Flag Point Channel that were 
correlated with indices generated from the Miles Lake sonar.  In 2002, fish appeared to take 2-3 
days early in the season, and closer to 1 day starting in late May, to migrate upstream from Flag 
Point Channel to the Miles Lake sonar site.  Maximum likelihood estimation and regression 
analyses were used to compare the escapement indices generated at Flag Point Channel to those 
at the Miles Lake sonar site.  Results indicated that both the catchability of the drift gillnet and 
the travel time of fish between the two sites varied over the study period. 
  
 Plans for 2003 include the continued use of both acoustic and drift gillnetting techniques 
in Flag Point Channel from early May to early June.  It was recommended that sampling at the 
37-Mile Channel be discontinued in 2003.  Variability within and among years in catchability 
and travel time will continue to be evaluated.  And lastly, the relative strengths and weaknesses 
of acoustics and drift gillnetting will be compared to determine which technique is most 
appropriate for future use in the lower Copper River. 
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INTRODUCTION 
 
 
 In early 2001, the U.S. Fish and Wildlife Service (USFWS), Office of Subsistence 
Management (OSM), funded the Native Village of Eyak (NVE) to undertake a three-year study 
to develop and assess methods of monitoring salmon escapement in the lower Copper River (Fig. 
1).  The ultimate goal of this lower river test fishery project was to develop an annual monitoring 
program that could provide fishery managers with a more timely index of salmon escapement 
than is currently ava ilable from the Miles Lake sonar site. 
 
 The Copper River subsistence and commercial salmon fisheries are of great value to both 
native and non-native participants.  In 2001, the Alaska Department of Fish and Game (ADF&G) 
gave permits to more than 10,000 people to fish the Copper River subsistence fisheries with an 
estimated total harvest of chinook (Oncorhynchus tshawytscha), sockeye (O. nerka), and coho 
(O. kisutch) salmon of 226,420 (Gray et al. 2002).  In the Copper River District, the exvessel 
value of commercial, common property, salmon landings exceeded $14 million in 2002.  Recent 
(1991-2000) average commercial harvests of sockeye and chinook salmon have been 1,521,641 
and 48,640, respectively (Gray et al. 2002).  From 1990-99, sport harvests for sockeye and 
chinook salmon have averaged 12,000 (Taube and Sarafin 2001). 
 
 Most of the Copper River subsistence harvest is taken in the upper river and its 
tributaries, 150 km or more upstream of the ocean commercial fishery.  Therefore, migrating fish 
are exposed to commercial fishing activity from two to four weeks (depending in part on river 
discharge) before they arrive in subsistence fishing areas (Merritt and Roberson 1986).  The lack 
of early run assessment information can make it difficult for managers to meet escapement goals 
while providing a sufficient number of fish for subsistence and commercial harvesters.  The 
commercial salmon fishery also covers a large area (~1,200 km2), and the rate at which salmon 
migrate through this area during the early part of the season varies among years.  For example, if 
fish move quickly from the Copper River District into the river, the commercial fishery may 
forego harvests at a time when the landed value of the fish is 100-200% greater than it is later in 
the season.  On the other hand, if fish mill in the Copper River District while waiting for 
appropriate conditions to move into the river, they may be subject to excess commercial fishing 
pressure.   
 
 Much effort has been expended over the last 40 years to develop a timely method of 
estimating salmon escapement for the Copper River.  In 1978, a Bendix sonar system was placed 
52 km (33 miles) upriver of the Copper River District, just below the outlet of Miles Lake where 
the river is confined to a single channel (Fig. 2).  This sonar system has provided a daily index of 
salmon abundance since 1978.  However, the data gathered by ADF&G suggests it can take 
anywhere from three to nine days for sockeye salmon to travel from the Copper River District to 
the Miles Lake sonar site.  As a result, fishery managers sometimes face difficult decisions early 
in the season because the timing of river entry is highly variable among years (Schaller et al. 
1984).  In late June 1984, ADF&G assessed the utility of using a Bendix sonar counter about half 
way between Miles Lake and the commercial fishery (S. Moffitt, ADF&G, Division of 
Commercial Fisheries, personal communication).  The counts were generally 10-100 fish per 
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day, but the work was hindered by high water levels and debris.  A more extensive survey 
planned for 1985 was not funded. 
 
 Miles Lake sonar provides relatively reliable daily and annual indices of salmon 
abundance and will probably do so well into the future.  However, the early commercial fishing 
periods could be managed with greater confidence if escapement estimates were available earlier 
in the season.  In 2000, under renewed pressure from commercial and subsistence users, ADF&G 
initiated a study to assess the feasibility of an early-season, test-netting program in the Copper 
River Delta (Moffitt et al. 2000).  Both drift dip netting and gillnetting were investigated as 
possible means to index salmon returns in the lower part of the river.  ADF&G found that dip 
nets would not catch enough fish to provide a reliable index without a significant increase in 
fishing effort. 
 
 With many Tribal members heavily reliant upon subsistence and commercial fisheries, 
NVE understood the value and importance of improving early season indices of salmon 
abundance in the Copper River.  NVE worked with LGL Alaska Research Associates, Ltd. and 
ADF&G to design a multi- faceted study design to (1) significantly shorten the development time 
of a lower river test fishery; (2) study fish migratory behavior; and (3) compare the utility of 
acoustics and drift gillnets as test fishing tools.  Given the potential for changes in fish behavior 
among years, and the expected changes in discharge among river channels of the Copper River 
(Brabets 1997), statistical relationships between test fishing indices and subsequent Miles Lake 
sonar indices could take many years to develop. 
 
 

Study Area 

 The Copper River flows through the Chugach Mountains of Alaska and drains into the 
northern limits of the Gulf of Alaska, east of Prince William Sound (Fig. 1).  Including its 
tributaries, the Copper River stretches more than 466 km and has created a 70-km wide delta of 
primarily glacial silt (Brabets 1997).  The average annual discharge of the Copper River is 
1,625 m3/s, the second largest in Alaska.  Despite carrying a very high sediment load, the Copper 
River is the largest salmon-producing river in Central Alaska (Merritt and Roberson 1986) and 
supports healthy stocks of sockeye and chinook salmon. 
 
 

Objectives 

 The purpose of this project was to generate a timely, inseason index of salmon abundance 
that could be used to improve the management of the fishery and ensure an adequate number of 
fish escape upriver for spawning requirements and subsistence users.  Overall goals for this 
three-year project were to: 

 
1) Determine the migratory behavior and stream channel use of early-run sockeye 

salmon in the lower Copper River to gauge the sampling effort that is required to 
index inseason salmon abundance; 
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2) Assess the efficacy of sonar and drift gillnetting to provide a daily inseason index of 
early run salmon abundance in the lower Copper River; and 

3) Assess the feasibility, benefits, and costs of operating sonar and drift gillnetting 
operations. 

 
 Specific objectives for the second year of this three-year project were to: 
 

1) Train technicians to operate and maintain acoustic equipment, count from 
echograms, and manage sonar data; 

2) Collect a continuous data set at Flag Point Channel; 
3) Collect acoustic data from the Mile-37 Channel; and 
4) Evaluate the efficacy (accuracy versus cost) of different methods of counting fish 

from acoustic data. 
 
 
 

METHODS 
 
 

Acoustics 

Site Selection 

Daily sampling of a consistent portion of the total fish run is required for successful and 
economical indexing of salmon abundance.  The portion of a run sampled by a “test fishery” 
(e.g., 0.01 or 1%) for a given level of effort (e.g., 30 m of gillnet for 30 min or 15 min of 
acoustic sampling) is referred to as the catchability coefficient of the test fishery.  The 
catchability coefficient is usually determined by comparing the daily (or cumulative) test fishing 
indices with an independent measure of the total daily (or cumulative) fish passage.  The 
catchability coefficient of a test fishery must be consistent both within and among years for the 
test fishery to be useful.  Therefore, it is best to sample at times and locations where the 
catchability coefficient is expected to be consistent among days and among years. 
 
 In 2001, local fishermen, biologists, and fishery managers were consulted to locate a 
suitable site for sampling the salmon run in the lower Copper River.  Aerial surveys were flown 
along the lower river during low-water periods when river topography and potential sites were 
more evident.  In addition, site-specific data were collected at several locations in 2001 (Link et 
al. 2001).  In 2002, acoustic sampling sites were selected based on the following criteria: 
 

1) A continuous, moderately steep bank extending onshore and above the water line; 
2) An ice-free channel with flowing water; 
3) The absence of debris, boulders, or other objects that could interfere with the 

acoustic beam; 
4) Ease of access; 
5) Past knowledge of salmon migrating passed the site; and 
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6) Coverage of multiple migration routes (i.e., away from diverging or converging 
sections of the river). 

 
 The efficacy of riverine acoustics to count upstream migrating salmon is heavily 
dependent on the cross-sectional profile of the river bottom.  Ideally, the slope of the river 
bottom offshore from a stationary transducer should have a smooth and continuous grade.  This 
ensures that the cone-shaped acoustic beams can effectively ensonify areas where fish migrate 
(i.e., close to the bottom).  The range where fish can be counted along the river bottom extends 
from about 1 m (3.3 ft) in front of the transducer out to the first significant break in the gradient 
of the bank. 
 
Flag Point Channel (Bridge 331 on the Copper River Highway) 

 In order to find a site for continuous sampling that would provide a greater acoustic range 
than the site used in 2001, a bathymetry (or bottom topography) survey was conducted over a 
180-m long stretch of Flag Point Channel, approximately 400 m downstream of Bridge 331 (Fig. 
3 and 4). 
 
 Similar to 2001, the acoustic gear used for the bathymetry survey was a BioSonics DE 
system with a 6-degree 201 kHz transducer and Visual Acquisition 4 software.  Depth data were 
processed with the bathymetry module of EchoView 2.25.  Positional information was collected 
with a differential global positioning system (GPS) with sub-meter accuracy and a 10 Hz 
positioning rate.  Differential corrections were obtained from the U.S. Coast Guard beacon on 
Hinchinbrook Island.  XY-positions were recorded as a separate data stream and were later 
matched by timestamp to the corresponding depth records.  To ensure accurate timestamps, the 
computer clock was synchronized with the GPS time to the nearest 10 ms both before, and 
periodically during, data collection. 
 
 During the bathymetry survey, transects were as uniformly spaced as river conditions 
would allow.  Real- time plotting of boat tracks gave feedback on the boat position during the 
survey.  Transects were made perpendicular to the river bank, in S-shapes (to define cross-
channel patterns ), and parallel to the river bank (to add definition of along-channel patterns).  
Additional position data were also collected, opportunistically, while walking along the shoreline 
with the GPS receiver.  XYZ position data were interpolated, mapped, and analyzed using 
ArcView 3.2.  
 
Mile-37 Channel (Bridge 342 on the Copper River Highway) 

 At the Mile-37 Channel, the site chosen for periodic sampling in 2002 corresponded to 
site 5 that was used in 2001 (Link et al. 2001).  This site was located on the west bank of the 
Copper River approximately 13 m downstream of Bridge 342 on the Copper River Highway 
(Fig. 2 and 3; Photo 1).  Since the river bank at this site was protected by heavy riprap, it was 
assumed that the bottom profile had not changed since 2001.  As a result, no bathymetry surveys 
were performed in 2002. 
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Setup and Operation 

Flag Point Channel 

 The acoustic system used for monitoring fish passage at Flag Point Channel was a 
BioSonics DE echosounder with a 201 kHz splitbeam transducer and a 4 x 8 degree elliptical 
beam.  The transducer was aimed with the wide axis of the beam in the horizontal plane and the 
narrow axis in the vertical plane.  The vertical position and tilt angle of the transducer could be 
adjusted as desired.  An attitude sensor was attached to the transducer to provide heading, pitch, 
and roll information. 
 
 A streamside data acquisition computer was linked through a wireless Ethernet 
connection to a remote data retrieval and processing station.  Due to concerns over potentially 
rapidly rising water levels, a platform for the streamside equipment was erected at the top of a 
10-m high bluff.  The echosounder, data acquisition computer, wireless Ethernet components, 
and a 12 V battery bank were placed in a plastic container (1.2 x 0.9 x 0.8 m) on the platform.  
The plastic container protected the equipment from wind, rain, and sand.  Solar panels and the 
wireless Ethernet antenna were mounted on top of the platform (Photo 2).  The remote data 
retrieval and processing station was set up in a trailer parked next to Bridge 1187 on the Copper 
River Highway, in clear line-of-sight of, and about 1 km away from, the acoustic sampling site 
(Fig. 4). 
 
 Prior to the field season, the acoustic system was calibrated to US Navy standards at the 
BioSonics, Inc. laboratory (Seattle, WA).  The system was also calibrated inseason (13 May, 23 
May, and 10 June) at Flag Point Channel using a tungsten-carbide, reference sphere of known 
target strength.  The reference sphere was suspended 3 m from the transducer, and approximately 
1,000 pings were collected and processed. 
 
 When sampling fish, the transducer was aimed along the river bottom.  The aim of the 
transducer was verified using a plastic reference sphere (10.1 cm dia.) with a target strength 
similar to an adult sockeye salmon.  The sphere was lowered in front of the transducer using a 
fishing rod, raised 15 cm off the river bottom, and then moved in- and offshore as much as the 
water depth and velocity allowed.  The aim of the transducer was confirmed when the target 
echoes were clearly visible and strong enough to qualify as sockeye salmon over at least every 
0.5 m of the range.  Fish were sampled at a ping rate of 12 per second, a pulse length of 0.2 ms, 
and a data collection threshold of -50 dB. 
 
 A weir made of rebar and construction fence was used to keep fish from passing too close 
to the transducer, where the acoustic beam was not coherently formed or too small to efficiently 
detect fish.  Early in the season, pieces of rebar were placed 3 m upstream of the transducer to 
deflect ice floes.  Technicians regularly removed debris from the weir and transducer mount 
(Photo 3). 
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Mile-37 Channel 

 The acoustic system used for periodic sampling in the Mile-37 Channel was a BioSonics 
DTX echosounder with a 200 kHz splitbeam transducer and 4 x 8 degree elliptical beam.  This 
system allowed real-time remote operation and data retrieval.  The streamside echosounder was 
linked through a wireless Ethernet to a data acquisition computer in a vehicle parked on the 
bridge.  

Acoustic Counts 

Flag Point Channel 

 Technicians were trained to count fish echo traces off echograms, to retrieve and backup 
data, and to maintain the acoustics equipment.  On a daily basis, counts were generated from 20-
min data sets of each hour and made available to ADF&G fishery managers.  On days when 
fishery announcements were made, counts were provided to ADF&G in time for their internal 
pre-announcement meeting. 
 
 In 2002, three counting methods (visual, tracked, and tracked net upstream counts) and 
two sampling schemes (full and subsampled) were used to generate counts from acoustic data 
collected at Flag Point Channel: 
 
Counting method Description 
  Visual Made directly from echograms 
  Tracked Made with acoustic target-tracking software 

Disregards the direction of target movements 
  Tracked net upstream Made with acoustic target-tracking software 

The number of downstream-moving targets are subtracted from the 
number of upstream-moving targets 

  Sampling Scheme Description 
  Full Based on sampling complete hours of data 
  Subsampled Based on sampling only 20 min per hour of data 

 
 Visual counts were made from echo traces seen on echograms and did not account for the 
direction of target movement.  Echograms were displayed in EchoView 2.25 software.  
Technicians followed specific guidelines to identify different targets such as salmon, eulachon 
(Thaleichthys pacificus), and non-fish objects, and to distinguish between broken, single-fish 
tracks and multiple fish tracks (Fig. A-1).  Visual counts were based on sampling the first 20-min 
file of every hour.  If the first file of the hour was less than 20-min long, the second or third file 
was sampled.  The 20-min counts for each hour were multiplied by three to obtain an estimate of 
the total hourly counts.  The hourly counts were expanded by the proportion of missing hours (if 
any) in a day to obtain daily counts.  This expansion method ensured that visual counts were 
consistent with the other counting methods.   A different method was used to generate counts 
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inseason.  Visual counts that were reported during the season were expanded for missing hours 
by taking the average of the last complete hour before and after the data gap. 
 
 Tracked counts used EchoView 2.25 software to automatically track echo traces using an 
alpha-beta, track-detection algorithm (see Table A-1 for parameter values).  Similar to visual 
counts, tracked counts did not account for the direction of target movement.  Tracked files were 
reviewed and edited manually by removing obvious, non-salmon targets (e.g., rocks and 
eulachon), merging split tracks, and splitting merged tracks when necessary.  The size 
distribution of tracked targets was examined to determine a suitable threshold for separating 
eulachon, some of which were included in the tracking output, from salmon.  Only tracks with an 
average target strength greater than the threshold value were included in tracked counts.  A 
subset of tracked counts was generated from the same files used to generate visual counts.  Daily 
tracked counts were expanded by the proportion of time not sampled on a given day.  
 
 Tracked net upstream counts were generated from tracked counts by subtracting the 
number of downstream-moving targets from the number of upstream-moving targets.  
Classification of targets as moving upstream or downstream was based on the slope of a linear 
regression of x-position (i.e., upstream-downstream) and time.  Tracks with a positive slope were 
classified as moving upstream, whereas tracks with a negative slope were classified as moving 
downstream. 
  
Mile-37 Channel 

 The data files collected at the Mile-37 Channel were converted from “.rtp” to “.DT4” 
format using a BioSonics conversion module.  The files were then opened in EchoView 2.25 
software and fish echo traces were counted directly off the echograms.  Daily counts were 
expanded by the proportion of time not sampled in a given day. 
 
 

Drift Gillnetting 

 
 As in 2001, ADF&G used drift gillnets to index the abundance of sockeye salmon in the 
lower Copper River in 2002.  Most of the net sampling occurred in Flag Point Channel below 
Bridge 331 on the Copper River Highway, and above the fork of the Pete Dahl Slough (Fig. 5; 
Photo 4). 

Site Selection 

 Flag Point Channel was selected for drift gillnetting because it was a constriction point 
where most of the west side of the Copper River was contained within a single channel.  The 
channel reach starts approximately 21.6 km above the Copper River District markers at Castle 
Island Channel, and there is no apparent tidal influence. 
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 Flag Point Channel was the preferred site for drift gillnetting because: 
 

1) It is road accessible most years by early to mid-May; 
2) It has a good beach for launching boats; 
3) It can be fished on a daily basis without a field camp; and 
4) The water velocity is significantly slower than in other channels. 

 
 In 2001, the west side of Flag Point Channel was selected for more intensive sampling 
because of the channel morphology and because the majority of fish caught during a test fishery 
in 2000 were near the west bank.  Results from the 2001 field season also supported the 
continued use of this sample area.  The east side of the channel is a shallow mud bar that is 
difficult to fish effectively. 
 
 Initially, preliminary observations were made within 2 km of Bridge 331 to identify 
potential sampling stations that were free from snags.  A chart-plotting, depth finder was used to 
record the bottom contour at each station to ensure the net would cover the entire water column 
available for fish passage.  Suitable stations were (1) as free of snags as possible ; (2) of sufficient 
depth and velocity to drift the net; and (3) shallow enough so the net was not suspended off the 
bottom. 
 
 Three stations were selected for use in 2002 that corresponded to Stations 1, 2, and 4 
from the 2001 study (Link et al. 2001).  Station 3 from the 2001 study was not selected because 
of insufficient water depth and velocity in 2002.  One other station (Station 5) was used once in 
2002 when river ice limited access to the other sites. 

Setup and Operation 

 The drift gillnets used in 2002 were 18.3 m (10 fathoms) long and 20 meshes deep with a 
13.7 cm (5 3/8 in), stretched-mesh web.  Although dip nets were used in 2000 and 2001 to 
capture sockeye salmon in Flag Point Channel (Link et al. 2001), only drift gillnets were used in 
2002. 
 
 Three different stations (Stations 1, 2, and 4) were sampled on a regular basis by the 
ADF&G crew in 2002 (Fig. 5).  Each station was sampled daily in two separate rounds.  In the 
first round, four sets were made at each of Stations 1 and 2.  These stations had broad, deep 
channels, so two sets were made along the west bank and two in the middle of the channel at 
each station.  Two sets were then made along the west bank of Station 4, which consisted of a 
narrow, deep channel.  This cycle was then repeated, starting again at Station 1.   
 
 Most drift gillnet sets were made perpendicular to shore and as close to the bank as 
possible because most sockeye salmon travel upriver near the bank (Burgner 1991).  Tension 
was placed on the net as required to keep it from bunching up in the current.  The starting and 
stopping points for each drift were marked with surveyors flagging on bank vegetation.  Due to 
the numerous snags embedded in the river bottom along the west bank, each set was limited to 
approximately 2 min in fishing time.   
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 For each set, the following data were recorded:  set location, distance offshore at the start 
and end of a drift, time the net started out, time the net was completely out, time the net started 
in, time the net was completely in, and number of fish captured by species.  All captured fish 
were marked by clipping the adipose fin and then released if in good condition.  Unreleased fish 
were sampled for length, weight, sex, and age. 
 
 River stage height and weather information were recorded on most sampling days.  Stage 
height was measured at a U.S. Geological Survey (USGS) gauge mounted on Bridge 331 and 
provided a relative measure of river elevation (the elevation of the bridge above sea level was not 
known).  Weather information collected each day included cloud cover, precipitation, and wind 
velocity (km/h) and direction. 

Test Fishing Index 

 The daily test fishing index for drift gillnetting at Flag Point Channel was calculated as in 
Gray (2000).  Mean fishing time (M, minutes) was computed for each set: 
 

where SO was the time the gillnet first entered water, FO the time the gillnet was fully deployed, 
SI the time gillnet retrieval began, and FI the time gillnet retrieval was completed.  Catch-per-
unit-effort (CPUE, Cj), or the number of sockeye salmon caught per 100 fathom hours, was 
computed for set j by the following equation: 
 

where N was the number of sockeye salmon caught and G the gillnet length in fathoms.  The 
daily test fishing index at Flag Point Channel, Ii, for day i was computed as the mean of the 
CPUE values from the number of sets (Si) made on day i: 

Test Fishing Index and Miles Lake Sonar Counts 

  Two methods were used to examine the effectiveness of the lower Copper River test 
fishing index as a management tool.  Maximum likelihood estimation (MLE) and regression 
analysis were used to compare the Miles Lake sonar index to the test fishing index at Flag Point 
Channel.  Analysis of the 2001 data by ADF&G showed that the traditional method for 
estimating escapement at the Miles Lake sonar from the test fishing indices at Flag Point 
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Channel was not as effective as the MLE and regression estimates.  These data also demonstrated 
that while the cumulative indices produced a better fitting model, the daily index values were 
better for forecasting.  Thus, only the MLE and regression models, and the daily indices, were 
used for this analysis. 
 
 Miles Lake escapement data were lagged to account for the travel time of sockeye salmon 
from the test fishing site at Flag Point Channel to the Miles Lake sonar site.  Different lag times 
were tried in the models to determine which one produced the best model fit.  Travel times that 
appeared unrealistic based on results of past studies, or produced unreasonable escapement 
estimates (e.g., less than observed escapement), were rejected even if they produced the best 
statistical fit of the data. 
 
 For the MLE model, the escapement per index point (EPI), was estimated by minimizing 
the sums of squares (SS) of the difference between the test fishing index and the observed and 
predicted escapements: 
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1) EPI represents the number of sockeye salmon passing the Miles Lake sonar for each 

test fishing index point at Flag Point Channel; 
2) Ei represents the number of sockeye salmon passing the Miles Lake sonar on day i; 
3) t represents the day of the most recent estimate at the Miles Lake sonar; and 
4) d represents the travel time between the Miles Lake sonar and test fishing locations. 

 
 If the model errors are assumed to be normally distributed, then minimizing the sums of 
squares will maximize the following equation, resulting in an MLE of EPI: 
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where σ2 is the variance of Ei.  This method is the same as fitting a regression line with intercept 
equal to zero and slope of EPI: 
 
     idi IEPIE ⋅=+ .     (6) 
 
 For the regression approach, a linear regression model was fit both with and without 
covariates for river stage height and change in stage height to find the best linear relationship 
between the test fishing index and Miles Lake escapement: 
 
     idii IE εβα ++= − ,     (7) 
 
where α and β  were estimates of the intercept and slope, respectively, and ε i was the error.   
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 Both the MLE and regression approaches assumed that error was constant and normally 
distributed.  This assumption appeared reasonable for the 2002 data. 

Forecasting 

 The real need on the Copper River is a tool for determining the escapement levels 
between the Copper River District and Miles Lake sonar, particularly at the beginning of the 
fishing season.  Therefore, the ability of the Flag Point Channel test fishing index to provide 
inseason forecasts of Miles Lake sonar counts was examined.  To emulate inseason forecasting, 
only the data collected up to the day of the forecast were used.  Other factors such as stage height 
were not used in forecasting because one really needs more data points to estimate that many 
parameters.  Forecasting began once there were a sufficient number of days of data.  For 
example, the first opportunity to forecast assuming a 1-day lag was on day 5, when there were 4 
days of Miles Lake sonar counts to pair with the test fishing index.  Assuming a 2-day lag, the 
first day a forecast could be made was on day 6.  For each day, the lag was determined by which 
one produced the best model fit between the predicted and observed escapements (as measured 
by the R2 value).  Early in the season, a regression analysis with few data points may not 
generate a reliable forecast, but this estimate may be better than none at all to managers who 
need to make important decisions regarding commercial fishing openings. 
 
 
 

RESULTS 
 
 

Acoustics 

Site Selection 

Flag Point Channel 

 Early in 2002, river conditions were monitored by frequent road trips along the Copper 
River Highway and by an aerial survey on 8 May.  Cold and dry weather in late April and early 
May of 2002 slowed the ice breakup of the lower Copper River.  The river had limited ice with a 
good flow of water for sampling near Flag Point Channel by 14 May.  In 2001, the river thawed 
as early as 4 May.   
 
 A bathymetry survey on 11 May 2002 identified a suitable sampling site approximately 
35 m below the first creek entering the west side of the Copper River downstream of Bridge 331 
(Fig. 6).  The river bank at this site had a steep (7°) and relatively uniform gradient along a 25 m 
section.  These features yielded an effective, underwater counting range of 24 m at a stage height 
of 4.2 m, and 19 m at a stage height of 2.9 m (Fig. 7).  This site was free of debris and provided a 
longer sampling range than the site used in 2001. 
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 Stage height of the Copper River was monitored throughout the study period at Flag 
Point Channel (USGS gauge at Bridge 331) and the Million Dollar Bridge (Table B-1).  In 2002, 
ADF&G operated the Miles Lake sonar site from 14 May to 31 July, and an estimated 220,000 
salmon passed the site from 15 May to 10 June (Table C-1). 
 
Mile-37 Channel 

 No new bathymetry information was collected in 2002 at the Mile-37 Channel.  The same 
site used in 2001 was used again in 2002. 

Setup and Operation 

Flag Point Channel 

 The acoustic system was operated continuously at Flag Point Channel from 16 May to 10 
June 2002 (Table 1).  Counts were provided for 563 h out of a total of 598 h, or 94% of the time 
the equipment was in place.  Counts were interrupted for a total of 29 h.  Down time included 11 
h early in the season (17 and 19 May) when the transducer was knocked off aim by ice, 11 h on 
19 May following the break up of an ice jam and subsequent 1 m drop in water level at Flag 
Point Channel, 5 h due to the power supply being depleted, and 2 h in total for transducer moves 
and aiming procedures. 
 
 The heading, pitch, and roll (HPR) sensor recorded a transducer pitch of -5° throughout 
the sampling period.  This placed the bottom edge of the acoustic beam, which was 4° wide in 
the vertical dimension, along the river bottom, which sloped at -7°.  The slope of the bank and 
the aiming angle from the HPR sensor matched the observations made while lowering the target 
sphere down near the bottom.  Based on these observations, it was concluded that fish were 
sampled on and near the bottom with the acoustic system. 
 
Mile-37 Channel 

 Starting on 26 May, a second acoustic system was deployed for periodic sampling (3-4 h 
every third day) on the west bank of the Mile-37 Channel (Table 2).  This site was operated for a 
total of 18.2 h (26 and 29 May, and 1, 4, and 7 June).  Data were collected for 12-17% of any 
given day. 

Acoustic Counts 

Flag Point Channel 

 Four different counts were generated from the acoustic data collected at Flag Point 
Channel in 2002 (Table 3; Fig. 8).  For subsampled counts, totals were 25,812, 30,189, and 
25,272 for the visual, tracked, and tracked net upstream methods, respectively.  When hourly 
data were fully sampled, the tracked net upstream count was 25,261 fish. 
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 The tracked count was 17% higher (4337 fish) than the visual count.  Visual counts were 
within 10% of tracked counts on 13 out of 26 sampling days, 10-20% on 8 days, and 20-30% on 
5 days.  Hourly counts for the visual and tracked subsampled methods were compared using 
regression analysis (R2 = 0.91; Panel A in Fig. D-1). 
 
 The subsampled, tracked net upstream count was 2.1% lower (540 fish) than the visual 
count.  Visual counts were within 10% of tracked net upstream counts on 10 out of 26 sampling 
days, 10-20% on 9 days, 20-30% on 1 day, and more than 30% on 7 days.  Fig. D-1 (Panel B) 
shows a regression analysis of these methods (R2 = 0.90).  Counts from these two methods were 
substantially different early in the season when less than 300 fish/day passed the site.  On days 
when more than 1,500 fish were counted, visual counts were more comparable to tracked net 
upstream counts than to tracked counts.   
 
 For the tracked net upstream method, subsampled (25,272) and fully sampled (25,261) 
counts were very similar (R2 = 0.91; Fig. D-2). 
 
 The amount of time required to process the acoustic  data varied with the different 
counting methods, the sampling schemes, and technician experience.  For example, subsampled 
tracked counts (including editing, output to database, and preparation of counts) took 2.5 h per 
day, whereas full tracked counts took 6.5 h per day.  Additional one-time effort was required for 
setting up echograms, tracking, and entering calibration parameters.  The differences in 
processing times for visual and tracked counts are summarized below: 
 

Sampling scheme 

Method 
Subsampled 
(20 min/h) 

Full 
(60 min/h) 

Time required 
once per 
season 

Visual counts 1 h 3 h 3 h 
Tracked counts 2.5 h 6.5 h 8 h 

 
Mile-37 Channel 

 Tracked counts at the Mile-37 Channel were lower on the second sampling day (312 
fish/day on 29 May), and both higher and relatively constant on the other sampling days (624-
912 fish/day on 26 May, 1 June, 4 June, and 7 June; Table 2). 

Fish Behavior 

 As in 2001, the distribution of target strength for all tracked targets showed two distinct 
modes in 2002 (Fig. 9).  Based on this distribution, a threshold value of -41 dB was used to 
separate eulachon from salmon.  Only tracks with an average target strength greater than -41 dB 
were included in tracked counts. 
 
 The distribution of x-speed (i.e., upstream or downstream speed), direction of movement, 
and target strength for all tracked targets showed three distinct clusters (Fig. 10).  The 
predominant cluster consisted of salmon-sized targets between -41 and -27 dB with x-speeds 
between -0.2 and 0.7 m/s (-0.7 and 2.3 ft/s).  A small cluster, possibly eulachon, fell between -46 
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and -41 dB with x-speeds between -0.2 and 0.2 m/s.  A third cluster, possibly some eulachon and 
debris, was formed by small targets between -46 and -40 dB moving downstream at x-speeds 
between -1.2 and -0.2 m/s. 
 
 Fish were detected throughout the ensonified water column for most of the counting 
range (Fig. 7), and thus showed no obvious preference for swimming close to the river bottom 
within the sample area. 
 
 The distribution of upstream and downstream moving targets at Flag Point Channel was 
plotted over range (Fig. 11).  Approximately half of the upstream moving fish (13,296) were 
detected within the first 10 m of the counting range, and the remainder (13,918) were detected 
more than 10 m from the transducer (10-22 m).  In contrast, only 24% (565) of downstream 
moving targets were detected within the first 10 m of the counting range, and 76% (1,815) of 
downstream moving targets were detected in the offshore half (10-22 m) of the counting range. 
 
 

Drift Gillnetting 

Setup and Operation 

 Drift gillnetting in Flag Point Channel was conducted over a 27-day period from 15 May 
to 10 June 2002 (Table 4).  In the first few days of the season, the test fish samplers were faced 
with challenges, such as high wind days, high flows associated with the break up of an ice dam 
upstream, and possible changing fish behavior.  Therefore, patterns in the first few days of data 
were not as distinct or consistent as the remainder of the data.  The analyses were performed with 
both the full data set (starting 15 May) and a truncated data set (starting 21 May).  Total daily 
fishing time of all drifts was approximately 40 min (Mean = 43, SE = 1).  Due to the abundance 
of snags in the river, each drift was limited to approximately 2 min. 

Test Fishing Index 

 A total of 418 sockeye and 34 chinook salmon were captured in 528 standardized drifts 
(total fishing time = 19.6 h; Table 4).  The daily test fishing index for sockeye salmon peaked at 
684 on 2 June and the cumulative index was 6159. 

Comparing the Test Fishing and Miles Lake Sonar Indices 

 Fig. 12 shows the daily Miles Lake sonar indices, lagged from 0-5 days, and the Flag 
Point Channel test fishing indices plotted over time.  For lags of 1-6 days, there was a positive 
relationship between the Miles Lake sonar and Flag Point Channel test fishing indices (Fig. E-1).  
Using the full data set, a 1-day lag of the Miles Lake sonar indices produced the best fit with the 
test fishing indices, for both the MLE and regression approaches.  More specifically, the best fit 
was produced by a 2-3 day lag early in the season, and a 1-day lag starting in late May (Table 
E-1). 
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 For 1-3 day lags, the estimate of EPI for the MLE model was 36.  The regression 
equation for a 1-day lag using the full data set was: 
 
    IE 9.345.582 += .      (8) 
 
 For the truncated data set, EPI was 37 and the regression equation was: 
 
    IE 0.325.1998 += .      (9) 
 
 Using the truncated data set and the regression approach, covariates of river stage height 
and change in stage height were significant as represented by the following model: 
 
  stageinChangeStageIE ..8.321005.110658.184.32412 −++=   (10) 
 
 The lag time of Miles Lake sonar indices and the catchability of the drift gillnets at Flag 
Point Channel were assumed to be constant during the study period.  If there were constant 
catchability at Flag Point Channel, then EPI should be constant over time.  However, an 
examination of EPI for drift gillnetting showed that it varied with time (Panel A in Fig. E-2).  
Similarly, EPI for acoustic sampling at Flag Point Channel varied over time, and was highest 
during periods of lower inriver abundance (19-22 May and 6-10 June; Fig. E-3).  EPI for drift 
gillnetting also increased with Miles Lake sonar counts and decreased with mean fishing time per 
drift (Panels A and B in Fig. E-2). 

Forecasting 

 Daily forecasts from the MLE and regression models were quite similar over the study 
period, and the largest differences occurred on days when the two models selected different lags 
(Table E-1).  In the second half of the season, the truncated data set provided better forecasts 
than the complete data set, which may be attributable to changes in the lag and/or fish behavior.  
Lag selection was also sensitive to the addition of a single point that did not fit the previous 
pattern of data.  For example, a 4-day lag produced the best fit on 1 June, even though it 
appeared the actual travel time between Flag Point Channel and Miles Lake at that time was 
considerably less than 4 days. 
 
 

Acoustic and Test Fishing Indices at Flag Point Channel  

 
 Acoustics and drift gillnetting provided comparable indices of salmon abundance at Flag 
Point Channel in the lower Copper River in 2002 (Fig. 13).  The relative catch efficiency of these 
methods, as measured by the ratio of the daily acoustic and test fishing indices, was plotted with 
stage height at Flag Point Channel over time (Fig. 14).  Apart from early in the season, the catch 
efficiency of acoustics relative to drift gillnetting was highest during periods of increasing stage 
height from 23-24 May and 27-31 May.  As stage height increased at Flag Point Channel, fish 
may have become more shore-oriented, and thus more susceptible to detection by the acoustic 
equipment, and/or less vulnerable to capture by the drift gillnet. 
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 Daily acoustic (Fig. 15) and test fishing indices (Fig. 12) at Flag Point Channel were also 
compared to the Miles Lake sonar index lagged from 0-5 days.  The Miles Lake sonar index was 
lagged to account for the time that fish took to travel the distance between Flag Point Channel 
and the Miles Lake sonar site.  In general, these data suggest the travel time of fish between the 
two sites in 2002 was approximately 2-3 days early in the season, and probably closer to 1 day 
starting in late May (similar to the results observed in the MLE and regression analyses seen 
earlier). 
 
 Daily acoustic and test fishing indices at Flag Point Channel appeared to decrease about 
1-2 days after the start of a commercial fishing opening in the Copper River District (Fig. 16).  
This suggests that salmon migrated upriver from the Copper River District to Flag Point Channel 
in about 1-2 days in 2002. 
 
 The indices generated by acoustics and drift gillnetting were quite similar at Flag Point 
Channel even though the techniques apparently differed in their sampling power.  For example, 
there was a 28-fold difference in the amount the time spent sampling between the acoustic 
equipment (563 h) and drift gillnets (19.6 h) at Flag Point Channel.  In addition, relative to the 
number of fish counted at the Miles Lake sonar from 15 May to 10 June, the acoustic gear 
sampled 11% over the same period, whereas the drift gillnetting operation sampled only 0.2%. 
 
 
 

DISCUSSION 
 
 

Acoustics 

Flag Point Channel 

 A bathymetric survey in May of 2002 identified an acoustic sampling site at Flag Point 
Channel with a longer continuous gradient, and thus longer counting range than the site used in 
2001.  This site was free from debris, provided adequate sampling power regardless of river 
discharge, and proved to be an excellent location for operating a splitbeam acoustic system 
almost continuously from 16 May to 10 June 2002.  Once the acoustic system was set up, 
relatively inexperienced technicians were able to continuously monitor the site (24 hours per day, 
7 days per week) and conduct the basic operations of the system.  Technicians quickly learned 
how to count echo traces directly from echograms and to manage acoustic data.  A travel trailer 
was located in line-of-sight of the acoustic site so the crew could observe the transducer and river 
conditions throughout the day.  Early in the season when ice floes were prevalent at Flag Point 
Channel, a technician remained at the sample site all day.  A major improvement in 2002 was the 
addition of a wireless Ethernet connection that linked a streamside data acquisition computer to a 
remote data processing station located 1 km away.   
 
 Overall, the different counting methods and sampling schemes used in 2002 generated 
very similar results.  The visual count ing method was easily learned, required relatively little 
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training, and required no expensive software modules.  It was a relatively inexpensive method of 
providing a timely, inseason index of salmon abundance in the lower Copper River.  However, 
visual counts tend to be less accurate than tracked counts because target strength is not corrected 
for the targets position in the beam (targets at the edge of the beam can thus be overlooked).  
Visual counts do not account for the direction of target movement.  In addition, there was a 
tendency to undercount with this method because some head-to-tail tracks cannot be resolved in 
the two-dimensional, range-time image of echograms, particularly at high fish densities. 
 
 Conversely, tracked counts tend to be more accurate than visual counts because target 
strength is corrected for the targets position in the beam.  Tracked counts can provide 
information on whether targets are moving upstream or downstream, and they can better resolve 
head-to-tail fish tracks.  This method can also be used to provide valuable feedback on sonar aim 
and the quality of counts.  The disadvantages of tracked counts are that they require more 
processing time and training, as well as more expensive software than visual counts. 
 
 Similar to 2001, fish behavior in Flag Point Channel in 2002 was suitable for conducting 
a test fishing operation.  There was no evidence of milling as most fish appeared to move quickly 
through the sample area.  Eulachon did not interfere with the ability to count salmon in Flag 
Point Channel in 2002.  A target strength threshold of -41 dB effectively eliminated eulachon 
from the counts.   
 
 Fish did not appear to be bottom-oriented, at least not at the relatively low flows 
encountered in Flag Point Channel during the study period.  This suggested that aiming the 
transducer along the river bottom is perhaps less critical than previously thought.  In addition, 
approximately the same number of upstream-moving fish were tracked in the onshore and 
offshore sections of the counting range, which suggested the fish were bank-oriented.  Without 
bank orientation, one would expect more fish to be sampled at farther ranges, as the sample 
volume increases due to beam spreading and the fact that fish showed no vertical preference. 

Mile-37 Channel 

 The decision to sample at the Mile-37 Channel in 2002 was based on two considerations.  
First, it was thought that acoustic data collected at the Mile-37 Channel could help explain trends 
in fish passage at Flag Point Channel.  For example, a decrease in counts at Flag Point Channel, 
accompanied by an increase in counts at the Mile-37 Channel, might suggest that fish are 
continuing to enter the river but are perhaps switching to the east side of the delta.  On the other 
hand, a decrease in counts at Flag Point Channel, accompanied by a decrease in counts at the 
Mile-37 Channel, might suggest fewer fish are entering the river.  Second, the Mile-37 Channel 
was sampled to determine whether it could be used as a site to index salmon abundance in the 
lower Copper River. 
 
 The value of sampling at the Mile-37 Channel was less than anticipated.  Results from 
2001 and 2002 showed that the travel time of salmon between Flag Point Channel and Miles 
Lake was only 1-2 days.  At about the same migration speed, fish would take one day or less to 
travel between the Mile-37 Channel and Miles Lake.  Thus, the incremental benefits of sampling 
at the Mile-37 Channel instead of Flag Point Channel would be marginal.  In addition, ice floes 
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at the 37-Mile Channel prevented the deployment of acoustic equipment until 26 May, which 
was too late for obtaining early run information.  The Mile-37 Channel also opened up at about 
the same time as at least three other channels in the same area, thereby reducing the effectiveness 
of each as a site for indexing abundance.  And lastly, fish passage at Flag Point Channel by itself 
appeared to be a sufficient indicator of passage by the Miles Lake sonar site.  Based on these 
findings, it is recommended that sampling at the Mile-37 Channel be discontinued. 
 
 

Drift Gillnetting 

 
 The test fishing index generated from drift gillnetting in Flag Point Channel was 
compared to the Miles Lake sonar index using both MLE and regression analyses.  Both models 
produced similar results.  However, it appears that the assumptions of a constant lag time 
between Flag Point Channel and Miles Lake and constant catchability of the drift gillnetting 
were violated in 2002.  One explanation for this was that during periods of high fish densities in 
the river, the drift gillnet saturated quickly and shortened the time of the drifts.  For such short 
drifts, a small change in fishing time will impact the CPUE and daily test fishing index.  Other 
factors that may have affected the EPI are changes in fish behavior and changes in detection 
rates at the Miles Lake sonar site. 
 
 

Flag Point Channel Indices as a Management Tool 

  
 Fishery managers recognize two broad but useful levels of precision for escapement data 
from a lower river test fishery in the Copper River:  presence/absence and a more quantitative 
measure such as more than a few hundred fish, less than 20,000 fish, etc.  Each year, in the 
earliest stages of the Copper River District commercial fishery (mid-May), managers simply 
want to know whether or not there are fish present in the river upstream of the fishery.  In this 
situation, a test fishery need only detect if fish are present (or absent) in channels that fish are 
known to use.  This may sometimes be enough information to influence management decisions.   
 
 Results from the 2001 and 2002 studies indicate that it is possible to develop a test 
fishery in the lower Copper River that is capable of providing an index of Miles Lake sonar 
counts from mid-May to early June.  Daily inseason counts were produced in a timely manner 
and provided to ADF&G prior to their internal meetings to discuss upcoming fishery 
announcements.  In fact, fishery managers used both the acoustics and drift gillnetting indices 
from Flag Point Channel to assist in making management decisions during the 2002 commercial 
fishing season (D. Gray and D. Ash, ADF&G, Division of Commercial Fisheries, personal 
communication).  The Flag Point Channel data provided an additional level of confidence to 
fishery managers that was not previously available from using the Miles Lake sonar data by 
itself.  In addition, ice break typically occurs earlier at Flag Point Channel, so sampling can 
begin sooner than at Miles Lake.  Early in the season, when the catch value of sockeye is high, 
this additional information could be beneficial to the management of the fishery. 
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 Methods for using the Flag Point Channel test fishing indices to forecast Miles Lake 
escapement continued to be refined in 2002.  The travel time of sockeye salmon from Flag Point 
Channel to the Miles Lake sonar site ranged from 1-3 days in 2002 and 1-2 days in 2001.  Fish 
also appeared to move quickly (1-2 days) through the 16-km section of the lower Copper River 
from the Copper River District to Flag Point Channel.  The value of the lower river test fishery 
as a forecasting tool for fishery managers would undoubtedly be greater in years when the lag 
time between Flag Point Channel and the Miles Lake sonar site was longer. 
 
 Assuming that both acoustics and drift gillnetting produce similar results, one objective 
of the upcoming season should be to compare the relative strengths and weaknesses of the two 
techniques in order to identify which one is most suited for continued use on the lower Copper 
River.  Criteria for this comparison should include the project costs, type/value of data collected, 
reliability of the sampling gear, sampling power, and the robustness of the technique to 
variability in environmental factors. 
 
 

Among- and Within-Year Changes to Flow in River Channels 

 
 To develop a test fishery on the lower Copper River, it is important to consider among- 
and within-year changes in the river channels and flows in the Copper River Delta.  During the 
technical and community workshops in the fall of 2002, concerns were raised that changes in 
channel dynamics could have a detrimental effect on acoustic and drift gillnetting sample sites 
and fish migration routes at Flag Point Channel.  Link et al. (2001) provided a brief summary of 
recent changes observed in the Flag Point Channel.  It was suggested that the study team identify 
alternative sites in case this happened.  However, it is impossible to now determine what sites 
will be suitable for sampling in the future after unpredictable changes have occurred that were 
drastic enough to render the Flag Point Channel site unsuitable for sampling.  Trying to find 
future sites now would withdraw resources from the current sampling effort and provide 
information of uncertain future value.  Instead, it was proposed to focus on adapting the 
acoustics setup to remote operation as much as possible to allow a smoother transition in the 
event a change in sampling site becomes necessary.  Minimizing the amount of equipment, 
power, and staff presence required at the actual sampling site will be key elements of this 
approach. 
 
 

Technical and Community Workshops 2002 

 
 Technical and community workshops (12-13 November) were held in Cordova to review 
project progress and results prior to completion of the annual report (Appendix F).  Biologists, 
managers, and administrators from several agencies were able to attend.  In addition, several 
fishermen and other residents from the Copper River Basin provided input and local knowledge 
to the study team.  These workshops were an excellent means of presenting the results to those 
who manage and depend on Copper River salmon.  Moreover, input from these people clearly 
improved the synthesis of the results presented in this report. 


